We study the problem of neutron star composition in the presence of a strong magnetic field. The effects of the anomalous magnetic moments of both nucleons and electrons are investigated in relativistic mean field calculations for a β-equilibrium system. Since neutrons are fully spin polarized in a large field, generally speaking, the proton fraction can never exceed the field free case. An extremely strong magnetic field may lead to a pure neutron matter instead of a proton-rich matter. 
The discovery of pulsars [1] substantially stimulated the study of neutron stars, a class of extreme objects in astrophysics. Indeed, shortly after their discovery pulsars were identified as rotating magnetized neutron stars [2] with a surface magnetic field of 10
12
-10 14 G [3] . Recent observations of soft gamma repeaters (SGRs) have confirmed that they are newly born neutron stars with very large surface magnetic fields (up to 10 15 G) [4] . Such stars are named as magnetars [5] . It is expected that appreciably higher fields could exist in the interior of neutron stars although the total strength of internal magnetic fields remains unknown. The allowed internal field strength of a star is constrained by the scalar virial theorem [6, 7] . According to it, the maximum interior field strength could reach ∼ 10 18 G. Naturally, one may expect considerable influences of such high fields on the properties of neutron stars.
Theoretical investigation of a free electron gas in intense fields related to the neutron star crusts [7] and white dwarfs [8] as well as ideal noninteracting neutron-proton-electron (n-p-e) gas for the internal properties of neutron stars [9] has been carried out by several authors. The equation of state (EOS) of pure neutron matter under large magnetic fields was investigated in Ref. [10] where the strong interaction was taken into account. The effects of strong magnetic fields on a dense n-p-e system under the beta equilibrium and the charge neutrality conditions, which is in particular involved for the neutron star, were first studied in Ref. [11] within a relativistic mean field approach. Extremely large fields up to the proton critical field (here the critical field is defined by the condition that the particle's cyclotron energy is comparable to its rest mass [12] ) B p c ∼ 10 20 G and beyond were considered in their calculations. It was found that the nuclear matter in beta equilibrium practically converts into stable proton-rich matter. However, in these investigations the effects of the anomalous magnetic moments (AMM) were neglected, which may play an important role in the presence of such high fields. Recent studies demonstrated [13] that the contributions from the AMM of nucleons become significant when the magnetic field In spite of its small anomaly [14, 15] , the anomalous magnetic moment of an electron may not be negligible due to its relatively large Bohr magneton. Because of the charge neutrality of the system, a significant effect on electrons will in turn influence protons.
Considering that the proton fraction is crucial in determining the direct URCA process which leads to the cooling of neutron stars [16, 17] , in this work we examine the problem with the inclusion of the AMM not only for nucleons but also for electrons. We consider the magnetic fields up to 10 6 B e c . Though we do not yet know any object generating such fields, some possibilities have been suggested [18] .
For the n-p-e system in a uniform magnetic field B along the z axis, the interacting Lagrangian can be written as [19] 
where the conventional notation has been adopted. U(σ) is the self-interaction part of the scalar field [20] 
A µ ≡ (0, 0, Bx, 0) refers to a constant external magnetic field and
µ B are the nuclear magneton of nucleons and Bohr magneton of electrons; κ p = 3.5856, κ n = −3.8263 and κ e = α/π are the coefficients of the AMM for protons, neutrons and electrons [15] , respectively. The third set of parameters in Table II The general solutions for the Dirac equation with the inclusion of the AMM are in the form of ψ(X) ∝ e −iEt+ipyy+ipzz φ p (p y , p z , x) for protons and electrons and ψ(X) ∝ e −iEt+ip·x φ n (p) for neutrons. We have derived the concrete expressions of the Dirac spinors φ p (p y , p z , x) and φ n (p) in the chiral representation [22] . The chemical potentials of protons and neutrons are defined as
They are related to the respective Fermi momenta via following equations:
Here ∆ = − 
The summation of ν runs up to the largest integer for which k In order to understand the above results, in the upper panel of Fig. 2 we depict the proton fraction as a function of the magnetic field strength, where the effects of the AMM are neglected. It can be found that for a fixed density the proton fraction begins to increase rapidly at a certain value of the magnetic field. This is the critical point where both protons and electrons are completely spin polarized (i.e., only one Landau level is occupied. It should not be confused with the critical field mentioned before.) due to Landau quantization while no direct effects from the magnetic field act on neutrons. The Fermi energies of electrons and protons fall drastically. As a consequence, a large amount of neutrons converts to protons. The system approaches to a well proton-rich matter.
The variation of the critical field with the baryon density is displayed in Fig. 3 as the dashed line.
In the lower panel of Fig. 2 we show the results including the effects of the AMM.
Different curves are related to the different baryon densities. For each curve there exist two turning points. The first one corresponds to the critical field of electron polarization, its variation with density is depicted as the dotted line in Fig. 3 . As soon as the electron is fully polarized, its Fermi energy will be considerably reduced. This causes the conversion of neutrons to protons in a beta-equilibrium system. The proton fraction is therefore enhanced substantially. Because of the different coefficients for the AMM of electrons and protons, the complete spin polarization of protons is reached later than electrons as shown in Fig. 3 with the dash-dotted line. There are no evident signals for the proton spin polarization in the lower panel of Fig. 2 since the rapid increase of the proton fraction has been induced by the electron polarization. When the field is further increased, the neutron can be fully spin polarized because of the coupling of the neutron spin to the magnetic field, an effect totally caused by the anomalous magnetic moment. The inverse process, p → n, starts at the second turning points appeared on the curves plotted in the lower panel of Fig. 2 . This causes the Y p to drop rapidly with the increase of B. A pure neutron matter becomes possible at very large field strength. The critical field for neutron polarization as a function of the baryon density is given in Fig. 3 as the solid line. One can see that the neutron spin polarization happens at B > 10 5 B e c . The above calculations have been repeated with other mean-field parameter sets used in Refs. [11, 13] , the qualitative trend remains unchanged.
In summary, we have studied the properties of neutron star matter under strong magnetic fields, with an emphasis on the neutron star composition. After taking into account the effects of the AMM of both nucleons and electrons, the proton fraction is found to never exceed the field free case. Our results demonstrate that extremely strong 6 magnetic fields may lead to a pure neutron matter rather than a proton-rich matter observed in Refs. [11, 13] , mainly attributed to the complete neutron spin polarization induced by the AMM effects. e, p, κ=0 e, κ≠0 p, κ≠0 n, κ≠0 
